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(54) Full duplex modulated backscatter system 

- : • ■ ■ 

(57) 1 A dupleX radio communication system includes 
an Interrogator (103-104) which generates a first mod- 
ulated signal by modulating a first information signal on- 
to a radio carrier signal. The Interrogator transmits the 
first modulated, signal *. to at least one remote Tag 
(105-107) of the system. The remote Tag receives and 



processes the first modulated signal received at its An- 
tenna. A Backscatter Modulator uses a second informa- 
tion signal to modulate the reflection of the first modu- 
. lated signal from the Antenna, the reflected signal being 
a second modulated signal . The Interrogator receives 
and demodulates the second modulated signal to obtain 
the : second information signal. 
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Description 

Field of the Invention '' v< : ' ' 

This invention relates to wireless communication 
systems and, more particularly, to a wirelesscommuni- 
( cation system using modulated backscatter technology. 

Background of the Invention 

' . * Radio Frequency Identification (RFID) systems are ' 
used I for jdentification and/or tracking of equipment, in- 
ventory, or living things. RFID systems are radio' com- 
munication systems" that communicate between 'a radio 
transceiver called an Interrogator, and a number of in- - 
expensive devices called Tags. The objectives of RFID 
systems are to design a reliable, secure, novel architec- 
. ture and to minimize the total cost of the Interrogator 
and the Tags, while meeting. the system performance 
requirements. In RFID systems, the Interrogator com- 
municates to the Tags using modulated radio signals. 
. and the Tags respond ..with modulated radio signals. 
Most commonly, this communication utilizes Time-Divi- 
sion Duplex (TDD) or Half Duplex techniques. After 
transmitting a message.to the Tag, the Interrogator then 
transmits a Continuous- Wave (CW) radio signal to the 
Tag. The Tag then modulates the CW signal using mod- 
, ulated backscattering (MBS) where the antenna is elec- 
trically switched, by the modulating signal,' from being 
an absorber of RF radiation, to being a reflector of RF 
. radiation. . 

Prior art in MBS technology is described in U.S. pat- 
ents 4,075,632. issued Feb. 21 . 1978 to H A. Baldwin 
. 'et.al. and entitled ^Interrogation. andDetection System, 
"and 4.360.810.; issued Nov. 23, 1 982 to J. A. Landt and 
entitled "Multichannel Homodyne, Receiver " MBS sys- 
tems typically utilize the amplitude. modulated, tech- 
niques described above for communications from the In- 
terrogator to the" Tag, and utilize MBS for cpmmunica- 
, tibris from the Tag to the'lnterrogator. ' ' ' " 1 
; , Prior art maintains that communications in MBS 
, systems is Half Duplex or Time-Division Duplex (TDD). 
, By Half Duplex.! we mean that the Interrogator to Jag 
communications (e.g.. using amplitude modulation) are 
done during a certain period of time, and'the Tag to .In- 
terrogator communications, using MBS. are done during 
another periodo'f time. 

. t . What is desired is an MBS system that operates in 
a Full Duplex (FD), manner, In an FD system, both the 
Interrogator and Tag can transmit continuously and dur- 
ing the same time' period. Some advantages of an FD 
.system-include ease of maintaining time slot synchroni- 
zatipn.and increased total system data throughput. 

Summary of the Invention 

. , . In accordance with the present invention, a duplex 
radio communication system comprises an Interrogator 
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, which generates a first modulated signal. by. modulating 
a first information signal onto a radio carrier signal. The 
modulation type is selected from a group including am- 
plitude, phase, frequency, time-division, or code-divi- 
sion modulation. The Interrogator transmits the first 
modulated signal to at least one remote Tag of the sys- 
. tern. The remote Tag receives and processes the re- 
. ceived first modulated signal. A 8ackscatter Modulator 
uses a second information signal to modulate the reflec- 
tion of the first modulated signal.'the reflected signal be- 
ing a second modulated signal. The Interrogator re- 
ceives and demodulates the second modulated signal 
to obtain the second information signal. In one embod- 
■ im ?nt, demodulation utilizes a homodyne detector and 
. the first modulated signal as.the frequency source for 
the detector. 



Brief Description of the Drawing , 

■ . ■ j 

■ 20 s . In the drawing. 



FIG. 1 shows a block diagram of an illustrative Ra- 
dio Frequency. Identification (RFID) system: 
. FIG. 2 shows a block diagram of an illustrative In- 
terrogator Unit used in the RFID system of FIG. 1: 
, FIG. 3 shows a block diagram of a wideband (DS/ 
SS) embodiment of the Interrogator Unit used in the 
RFID system of FIG. 1: ■" * " 
FIG. 4 shows a block diagram of a Tag Unit used in 
; the RFID, system of.FIG. 1 : 
FIG. 5 shows a btocH diagrarri'.of an alternate em- 
bodiment.of a Tag Unit used in the RFID system of 
.FIG. 1,- . ' ' ' 

. FIG. 6 shows.a Downlink Frame Signal transmitted 
, from an Interrogator Unit to a Tag Unit; 
. Fiq. 7 shows.a Pseudo-random.Noise (PN) Gener- 
ator: 

. FIG. 8. shows a Full and Partial. Modulation of Down- 
link Frame Signals: ...... : ' 

FIG, 9 shows a ^Manchester encoded Downlink 
Frame Signal and an Uplink Message Signal; and 

, FIG. 10 shows a Manchester encoded Downlink 
Frame Signal and a dupiicated.plus-rotated Uplink 
Message .Signal. 
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Detailed Description 

RFID system applications exist which have very dif- 
ferent data rate requirements for the Downlink (Interro- 
gator to Tag) and the Uplink (Tag to Interrogator.) direc- 
tions. One such class of applications involves using 
RFID technology to read information from a Tag affixed 
to a container or pallet. In misapplication, the container 
is moved (by being pulled by a small truck) across the 
reading .field of an Interrogator. The reading'field is de- 
fined as that volume of space within which a.successful 
transaction can take place. While the.Tagjs,in the read- 
ing field., the Interrogator to Tag transaction must be 
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completed. Since the Tag is moving through the reading 
field, the RFID system has only a limited amount of time 
to successfully complete t the transaction. 

In such an application, the Tag could be moving as 
fast as 10 meters/second through the reading field. The 
reading field would consist of a roughly conical volume, 
extending 5 meters away from the Interrogator, and the 
cone having an angle of roughiy 60 degrees total spread 
(30 degrees to either side of a direct path from the In- 
terrogator to a point immediately in front of the Interro- 
gator). Given this situation, the RFID communications 
with each Tag must be completed in less than about 0.2 
seconds. 

Therefore, effective RFID systems must be able to 
a) have the Tag 'detect the' presence of the Interrogator ' 
in a very short period of time, and b) have the Tag to 
Interrogator data rate be sufficiently large such that the 
communications can be completed' within the time peri- 
od available. Furthermore, the system must work even r 
if several Tags are in the reading field at the same time. 
Given these constraints, an Uplink data rate of 50 Kbps. 

' or perhaps'greater. may be desirable. 

Another application of this RFID system calls for the 
Tag to be interrogated at distances significantly greater 
than 5 meters, with the same Downlink signal used by 
Interrogators serving these various applications. To sup- 
port this greater range, the Downlink data rate must be 
limited to keep the signal-to-noise ratio acceptable. An 
example • of these alternative' applications was dis- ( 

' cussed in pending U.S. 'patent application Serial No. 
08/206.075. entitled "Modulated Backscatter Wireless 

' Communication System Having An Extended Range." 
in which Tags were used as Electronic Shelf Labels to 
display correct prices oh a supermarket shelf. In this ap- 
plication. Downlink data rates of about f Kbps are used: 

' in addition, the Uplihk bit rate must be limited to maintain 
acceptable radio coverage. 

"" ' ' Therefore.' an object of the present invention is an 
RFID system that achieves synchronization .rapidly, 
everi with a relatively' low-speed Downlink and having a 
relatively 'high-speed Uplink to send the necessary Tag 
data rapidly even in the presence of rri'ultiple Tags in the 

'"'reading field. To'accomplish' this object: the RFID sys- 
tem of the present invention utilizes ' Modulated Back- 
scatter technology that operates in a Full Duplex man- 
ner. 

With reference to FIG. 1. there is shown an overall 
'block diagram of an illustrative RFID system useful for 
describing the application ol the present invention. An 
Application Processor 101 communicates over' Local 
Area Network (LAN) 102 to a plurality of Interrogators 
'103-104. The Interrogators may then each communi- 
• "cate with oneor'mdredf the Tags 105-107. For example, 
' the Interrogator 103 receives an information signal typ- 
ically from an Application Processor 101. The'lnterroga- 
: tor 1 03 takesthis information signal and Processor 200 
1 (FIG. 2} properly formats' a downlink message (Informa- 
^tioVsignal 200a) to be sent 'to the Tag. With joint refer- 



ence to FIGS. 1 and 2 5 Radio Signal Source 201* syn- 
thesizes a radio signaL the Modulator 202 modulates 
the Information Signal 200a onto the radio signal, and 
the Transmitter 203 sends this modulated signal via An- 

s tehna 204. illustratively using amplitude modulation, to 
a Tag. The reason amplitude modulation is" a common 
choice is that the Tag can demodulate such a signal with 
a single, inexpensive nonlinear device (such as a di- 
ode). - ~ 

10 With reference to FIG. 3, there is shown an overall 
block diagram of a wideband RFID system. The Modu- 
lator 302 modulates the Information Signal onto the Ra- 
' did Signal (RF. Source) 301 and then the modulated Ra- 
dio Signal is sent, in this example, to a PN Code Spread- 

15 er 302a. The Code Spreader increases the modulation 
bandwidth' V-fbld (N is the number of chips per bit), 
which mitigates' many of the undesirable effects of mul- 
"tipath fading of the radio channel. The output* of 'the 
bode'Spreader is sent to both the Transmitter 303 and 

'20 the Quad Mixer 308 of the Receiver section: iilustrative- 
iy. this is a Direct Sequence Spread Spectrum (DS/SS) 
system.. One advantage of this implementation is that 
the Receiver Has perfect knowledge of the PN sequence 
5 and can reduce the received signal bandwidth back to 

25 ' a narrowband signal for modulation. The Receiver sec- 
tion'of FIG* 3 operates simiiarlyto that of FIG. 2 except 
that it substitutes Amplifier 309. Bandpass Filter 310. 
/ and Limiting Amplifier 31 6a fbr Filter Amplifier^ 10 of 

30 ' ■ '■' in the fag 105 (see FIG. 4), the Antenna 401 (fre- 
quently a loop or patch antenna) receives the modulated 
signal. This signal" is demodulated, dire'ctiy'to baseband. 
Usincjjhe Detector/Modulator 4b'2." which, illustratively. 
' could be a single Schbttky diode, the diode 'should be 
'35 * appropriately biased with the proper 'current level in or- 
der'td match the impedanceol the'diode and the'Ahten- 
f na'401 such "that losses' of the radio signal are" mini- 
mi ed/The result of the diode detector is essentially a 
demodulation of 'the incoming signal directly to base- 
'40 band. The Information Signal 200a is then amplified, by 
- Amplifier 403: and synchronization recovered in Clock 
• Recovery Circuit 404. The Clock Recovery Circuit 404 
can be enhanced by having the Interrogator send the 
'amplitude modulated signal using Manchester encod- 
-f5 ihg. The resulting information is sent to a Processor 405. 
-'t Pie Processor 405 is typically an inexpensive 4- or 8-bit 
microprocessor: the Clock Recovery Circuit 404 can be 
implemented in an ASIC (Applied Specific Interpreted 
Circuit) which works together with Processor 405. Jhis 
so Processor 405 can also serve as the driver for an op- 
tional Display Unit 40g should this Tag require a display. 
The Processor 405 generates an 'information Signal 406 
to be sent from the Tag 105 back to the Interrogator (e. 
g.. 103). This Information Signal 406 is sent to a Modu- 
, 55 lator Control Circuit 407. wHich uses the Information Sig- 
nal 406 to modulate a subcarrier frequency generateo 
by the subcarrier Frequency Source 408. The' Frequen- 
cy Source 408 could be a crystal oscillator separate from 
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the Processor 405, or it could be a .frequency .source 
derived from signals present inside, the Processor 405 
- such as a multiple of the fundamental clock frequency 
of the Processor. The Modulated Sub-carrier Signal 411 
is used by Detector/Modulator 402 to modulate the mod- 
ulated signal received from Tag 105 to. produce a mod- 
ulated backscatter (e.g., reflected) signal. This is ac- 
complished by switching on and off the Schottky diode 
using the Modulated Subcarrier Signal 411, thereby 
changing the reflectance of Antenna 401 . A Battery 41 0 
or other power supply provides power to the circuitry of 
Tag 105. . 

There are a variety of techniques for using Modu- 
lated Backscatter (MBS) to send information from the 
Tag to the Interrogator. In some MBS technologies, the 
Modulator Control Circuit 407 of the Tag generates an 
amplitude modulated signal modulated at an Informa- 
tion Signal 406 frequency / 2 . If the Radio Signal Source 
201 generates a CW frequency /„ then the Interrogator 
receives signals inside of. the range (/, -f 2 ) to (f y +/ 2 ). 
and filters out signals outside of that range. This ap- 
proach could be. termed the "MBS at baseband'.' ap- 
proach. Another approach would be for the Tag to gen- 
erate two subcarrier frequencies, generated' by Fre- 
quency Sources 501 and 502. as" shown in FIG. 5. The 
information could be. conveyed in a frequencyrshift 
keyed (FSK) fashion with the subcarrier frequency tran- 
sitioning between; these two frequencies.' Other modu- 
lation schemes are possible as well, such as Phase Shift 
Keying (PSK). of a single subcarrier frequency (e.g.', 
BPSK, QPSK) or. other complex modulation schemes 
(e.g.. MFSK. MASK: etc.). . . " ' ' 

Returning to FIG. 2. the Interrogator .103 receives 
the reflected arid modulated signal with the.Receive An- 
tenna 206. amplifies the signal with a Low Noise Ampli- 
fier 207. and demodulates the signal using hbmodyne 
detection in a Quadrature Mixer 208 down to the' Inter- 
mediate Frequency (\F) of the single subcarrier. (In 
some Interrogator designs, a single Transmitter 204 and 
Receive 206 Antenna is used. In this event, an electron- 
ic.method of canceling the transmitted signal f rom that 
received by the receiver chain is needed: this could be 
accomplished, by a device such as a Circulator.) Using 
the same Radio Signal Source 201 as used in the trans- 
mit chain means the demodulation to IF is done using 
Hompdyne detection: this has advantages in that it 
greatly reduces phase noise in the receiver circuits. The 
Mixer 208 then sends a Demodulated Signal 209 - if 
using a Quadrature Mixer, it sends both ( (in phase) and 
Q (quadrature) signals - into Filter/Amplifier 210 to 
properly filter the Demodulated Signal 209. The result- 
ing filtered signal - then typically an Information Signal 
211 carried on an IF subcarrier - is then demodulated 
from the subcarrier, in the Subcarrier Demodulator 212. 
which then sends the Information Signal 21 3 to Proces- 
sor 200 to determine the content of the message The I 
and Q channels of Signal 209 can be combined in the 
Filler/Amplifier 210. or in the Subcarrier Demodulator 



.212,. or they could be combined in the Processor 200. 
Common practice would utilize error detection' in both 
messages sent over the link from the Interrogator 103 
to the Tag 1.05; and also over the link from the Tag 105 
5 to the Interrogator 103. 

Using the above techniques as an example, an in- 
expensive, short-range, bi-directional digital radio com- 
munications channel is implemented. These techniques 
are inexpensive as the components consist of (for ex- 
io ample) a Schottky diode, an amplifier to boost the signal 
strength, bit and frame synchronization circuits, an in- 
expensive 4- or 8-bit microprocessor, subcarrier gener- 

• - ation circuits, and a battery. Most of these items are al- 
ready manufactured in quantities of millions for other ap- 

r js plications, and thus are not overly expensive. The cir- 
cuits mentioned above for bit and frarne synchronization 
and for subcarrier generation can be implemented in 
custom logic surrounding the microprocessor core: 
thus, except for a relatively small amount of chip real 
20 estate, these functions come almost "for free/ Such cir- 
cuitry is. illustratively, described in the previously refer- 
enced patent application Ser. No. 08/206,075 and in the 
pending U.S. patent,application Ser. No. 08/409.782 en- 
titled "Detector And Modulator Circuits For Passive Mi- 
25 crowaye Links." 

Full Duplex . 

(< . In the prior art RFID systems, separation of the 
30 Downlink and Uplink functions by TDD is typically done 
.since the MBS system requires.a CW tone to modulate. 
. and the RFID system could not be run in the Full Duplex 
mode since there would be interference between the 

• .Downlink signals and the Uplink signals.' The present 
35 invention discloses how to enable an MBS system to be 

.used in Full Duplex mode by utilizing a method for 
achieving, synchronization and describes, several em- 
bodiments,, to .accomplish Full Duplex operation in an 
RFID system. ' ■-.■.■.«■■ 
40 -■<:•;. 

Synchronization 



t With reference to FIG. 6, a method is.described for 
acquiring synchronization of the ^Downlink message 
-« within a relatively small number of, Downlink bits. The 
Downlink messages are divided into Frames 601. and 
each Frame is divided into Slots. The following outlines 
a method for a Tag 105 to achieve Slot and Frame syn- 
chronization of the Downlink signals' , 
5° Downlink Slot 602 has n bits/slot of which m-bits of 
the slot are reserved for Frame/Slot synchronization 
605. The m-bits are derived. from a Pseudo-random 
Noise (PN) Generator (FIG. 7). with, a code length K. 
Each slot in the frame has a unique m-bit synchroniza- 
55 tbn word derived from the K length PN code. Therefore, 
once the RFID Tag 105 sync'hroriizes'to.the Downlink 
PN code, it will acquire both slot and frame timing. 
After the Tag 105 has achieved bit synchronization. 



NSDOCID:<EP 07Rn30iAi i 



4 



EP 0750 201 A1 



M shifted copies of Ihe input serial bit stream are stored 
inside the Processor 305 using M registers. For the 
Downlink communications channel, there are N-slots/ 
frame and n-bits/slot (FIG. 6) : where m-bits/slot are re- 
served for Downlink frame synchronization. Therefore, 
in one frame there are N x M synchronization bits requir- 
ing a K length Pseudo-random (PN) Generator (FIG. 7) 
where 2 k -1 = N x m , each offset by one bit (this is ap- 
proximately K + M milliseconds (msec) of sampling and 
can be done in M bytes of SRAM) The M registers are 
configured with the same feedback taps of the original 
PN Generator used to'generate the Downlink synchro- 
nization bits by the Interrogator After sampling enough 
channel bits to fill the M registers (typically K bits), each 
register computes the next bit of the PN sequence and 
compares its" output' to the next channel bit sampled. 
This procedure is repeated until one register has suc- 
cessfully predicted the last L channel bits sampled (L is 
a design parameter that will trade synchronization time 
for false synchronization detection). Once this is accom- 
plished: the Tag now' has knowledge of both siot and 
frame synch rbnization v by the value of the PN sequence 
in the winning' register. It is the job of the Tag designer 
to decide the values of parameters N:'M. n. m. L and K, 
given the desired throughput of the RFID system 'and 
the Bit Error Rate (BER) of the radio channel. % . 

The Processor 405 can further enhance the opera- 
tion of the Clock Recovery Circuit 404 by storing the time 
of occurrence of a sample timing bit used to acquire bit 
synchronization. After the Recovery Circuit and Proces- 
sor have determined the proper timing of the Downlink 
bit stream from the sampled time bits/the Processor can 
then decode the 'first modulation bit stream f rom the 
same samplecJ timing bits. This 1 allows faster arid more 
accurate demodulation of the first modulation signal by 
eliminating the need to re-sample the first modulation 
bit -st ream which will 'add both additional delay and ad- 
ditional offset 4 between'the Downlink and Tag docks s * 
For illustrative purposes, let us considera Downlink 
frame consisting of N = 21 slots, where each slot (e.g.. 
601) contains n = 7 Manchester encoded Information 
Units (lUs) (e.g. ; bits) at 1 Kb/s: thus. 1 bit = 1 millisec- 
ond. We describe two methods in which synchronization 
Bits can be allocated in the Downlink bit stream. First, 
every bit (IU V::.IU 6) except one (Listen IU) is used as 
a synchronization bit and is derived from the o'utput of 
a PN sequence shift register. The single remaining bit 
is used as a "Listen" bit. Such a Synchronization Mes- 
sage type is shown by 603. These synchronization bits 
allow very fast Slot and Frame alignment. (Before slot 
synchrohization can be acquired bit synchronization 
must be maintained^)' Even with a Bit Error Rate (BER) 
of 10" V this synchronization process should take less 
than "30 milliseconds. ' : 

' However, using Message Type 603 no information 
can be transmitted in the Downlink. Using a data Mes- 
sage Type 604: however, only a few bits (e.g.: m - 2) 
are allocated for Synchronization (or more generally 



control signals) 605 knd the rest (e.g.. 4) 606 for a data 
message. Using Message" Type 604, a penalty in syn- 
chronization time is incurred since a longer period of 
time is necessary' to collect enough synchronization bits 

5 to compare to the known synchronization sequence. 
Note that both Message Types can be used together. 
Normally the Downlink message will use almost all the 
bits for synchronization bits (except for the Listen bit) 
and Tags will only be able to acquire initial synchroniza- 

10 tion during this mode. 

When the Interrogator 103 needs to communicate 
with a Tag 105. it will first inform the Tag that a Downlink 
message is coming by raising the Listen bit in the last 
Synchronization Message 603. In thesubsequent Mes- 

'fs sage "604. the Interrogator uses the first two bits for syn- 
chronization and the next four bits for messaging, The 
two synchronization bits in this mode are used to main- 
tain synchronization for T^^that are communicating 
with the Interrogator or Tags that have synchronization 

20 and are in the process' of transmitting their mandatory 
Uplink message or information. The price paid by this 
synchronization method is'that'tags'that enter the com- 
munication zone will have to pay a large time penalty to 
acquire synchronization. However, when the Interroga- 
ns tor is in Full Duplex* communication with a particular Tag. 
the remaining Tags cannot use the RF channel anyway. 
Therefore, applications' requiring extremely .fast' syn- 
chronization time'are not disqualified by this" invention. 
Note that in environments tnat do hot require fast syn- 

30 chronizatiOn times, the slower (two-bit) method can be 
used all the' "time. Therefore: applications that require 
Full Duplex all the time are not disqualified by this air 
interface protocol". t 

When the Interrogator 103'wants to communicate 

35 with a specific Tag 105. 'it will set the' Listen bit/ and in 
the next Slot it only fills the first two bits with synchroni- 
zation bits' (the two mos^ significant bits out of'the PN 
register) and places the address of the desired RFID Tag 
'in the message field. (It will 'use the next N slots to place 

40 the N/2-byte message in the 4-bit message field). The 
Interrogator 103 then clears {^(listen bit and iri the next 
Slot resumes the fast synchronization format. A Tag 105 
that has already acquired synchronization can use the 
two synchronization bits to maintain synchronization 

45 during the Full Duplex messaging mode of the Downlink: 
This is achieved by properly decoding the Listen bit. 

Partial AM Modulation \ 

so The first mechanism to achieve Full Duplex is'called 
Partial AM Modulation and is achieved as follows. 'With 
reference to FIG. 8. in the prior art. the Downlink signals 
were sent using amplitude modulation with a, 100% 
Modulation Index 801. meaning that the Transmitter was 

55 turned completely 0 off r and then completely 'on" accord- 
ing to the required data rate and modulation scheme. 
Thus, assuming the amplitude modulated signal used 
Manchester encoding, the Interrogator signal was conrv 
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pletely on for hall of the time, and completely off-for half 
of the time. Thus.for Full Duplex operation, only some 
of the Uplink bits would have a CW tone present during 
the time it came for them to be transmitted, in Partial AM 
Modulation (802), the Downlink signals are transmitted 
with an "on" being-100% on (e.g., the Interrogator 103 
. transmitting.at the full power level) and with an "off" be- 
ing at an intermediate, but not zero, power level - per- 
haps 50% power. Thus, the Downlink signals are ampli- 
tude modulated, but in such a way that the carrier is al- 
ways fully or partially present.' In'the above example, the 
Downlink signal-to-noise- ratio would be reduced by 3 
dB (since the "off signal is transmitting at 50% power 
level). . • "* ■ :-. i 

Once synchronization is achieved (as described 
above), and the Tag 105 knows when it should send 
back its data, the Tag 105 uses a modulation scheme 
which is not directly sensitive to the amplitude changes 
in the received Downlink signal- such as Phase Shift 
Keying (PSK). The PSK signals can be sent during the 
time that the Downlink signals are being received. The 
modulated Downlink Carrier 803 is used as the "local 
oscillator" Signal 214 input to the Quadrature Mixer 208 
of Interrogator 103: thus the phase noise rejection ob- 
tained by homodyne detection applies to the modulated 
signal. 

To allow Partial AM Modulation to work, care must 
be taken with the selection of the Subcarrier Frequency 
408 used- to transmit the Uplink signal. This Subcarrier 
Frequency 408 must be chosen with a knowledge of the 
Downlink and the.Uplink signahdata rates in mind. The 
critical element is for the' frequency of the Uplink signals 
to be sufficiently far away from, the Downlink signals 
such that any reflected Downlink (e.g. , MBS) signal from 
a Tag 105 can- be adequately filtered out of- the demod- 
ulated Uplink signal. The reflected Down link signal will 
be received by the Interrogator: and will appear as (near) 
baseband noise at a few KHz away from the carrier fre- 
quency This signal could be of sufficient amplitude to 
overpower the perhaps weaker Uplink signal at a higher 
subcarrier frequency. For some applications, the reflect- 
ed Downlink signal near baseband must be reduced by 
about 150 dB. in order to assure that the weaker uplink 
signal can be heard. One way to accomplish this degree 
of reduction is for the Interrogator 103 to have separate 
Transmit and Receive Antennas (e.g; , 204 and 206) and 
for those Antennas to have about 40 dB of isolation. This 
isolation'cah be easily achieved by physically separat- 
ing the Antennas, or by having some sort of barrier be- 
tween them. etc. Beyond Antenna isolation, the Filter 
Amplifier (see 210of FIG. 2) must guarantee thatat least 
110 dBof rejection (150 minus 40) is obtained from the 
subcarrier frequency down to baseband. For certain ap- 
plications, subcarrier frequency of about 250 KHz or 
greater may be desirable and straightforward filter de- 
signs can achieve the required rejection (a 3-Pole filter 
is sufficient). • " * • ,.. 



Intercalated Uplink 

' According to another aspect of the present inven- 
tion, Full Duplex operation may be achieved using a 
s technique called Intercalated Uplink, which in this case 
uses the fact that the Downlink data rate is low in com- 
parison to the Uplink data rate. The Intercalated Uplink 

■ method is pictorially described in FIG. 9'(FIG. 9 is drawn 
under the assumption that the low bit rate Downlink Sig- 

10 nal (or Message) 901 is using Manchester encoding; 
-however, that is not critical to this portion of the Interca- 
lated Uplink method.) In this method, we assume that 
the Downlink Message Signals 901 are amplitude mod- 
ulated in the traditional manner --that .is, "on" is 100% 
' 75 power, and an "off" has 0% transmit power We note that 
. the Interrogator 103 knows when the Downlink Signal 
901 is "on" and when it is. "off" Thus, the Tag 105 can 
send Uplink bits during the time periodsj(902-904) when 
trie Downlink Signal 901 is "on"; The Uplink modulation 
20 scheme is not relevant' here"-- it could be any classical " 
modulation scheme. Also, it is not necessary for an en- 
tire- Uplink' message 902 to be transmitted within the 
Downlink "on" period of one bit (e.g.. 905): it would be 
perfectly acceptable for the Uplink signal to be scattered 
2 5 through successive "on" periods of several bit periods 
(905-907). 

Finally, , we note that the Tag 105 need not only send 
data during the time periods that the Downlink signal is 
"on" (e.g., during 902-904). Again, referring to FIG. 9. 
30 let. us assume that the Downlink signal is amplitude 
modulated, as discussed above, and also Manchester 
encoded. Thus, during each bit period 905-907. the 
Downlink signal is "on" for : half of the bit' period, and "off" 
for half of the bit period. The Tag 105 can simply send 
3S the same set of bits— as many bits as will frt'-into one- 
half of the bit period - twice within the bit period. Since 
'the lhterrogator-103 knows when the' Downlink signal is 
"on", it would be a simple matter for the Interrogator to 
know exactly when to listen for the valid Uplink bits and 
w when to disregard any received signal (which would cer- 
tainly be noise, since the Downlink transmitter was "off") 
when the Downlink signal is "off". • ; 

■ K FIG. 10 shows two bits (bit 1 and bit 2) of a Man- 
chester encoded Downlink Frame Signal 1001 (where 

« each Manchester bit has a 'high H and low L segment). 
FIG. 10 also shows a duplicated-plus-rotated bit of an 
Uplink Message Signal 1002. FIG. 10 shows that the 
Tag may produce rotations in the Uplink Message Signal 
1002 by not knowing when the Downlink" 1001 will turn 
so "on" or "off". The Uplink Message-Signal-1002 will con- 
tain synchronization bits (e.g.. a well-known Barker se- 
quence) that will aid the Interrogator- in re-assembling 
the Uplink message. '. 

Combined Modulation Techniques 

According to another aspect of the present inven- 
tion, it is pdssible to combine different 1 modulation 
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schemes in the Downlink and in the Uplink to accom- 
plish Full Duplex operation. For example, in FIG. 2, the 
Modulator 202 could utilize Phase Modulation. This, of 
course, would require a somewhat more complex re- 
ceiver in the Tag 105 (in FIG. 4, the Detector/Modulator 
402 would be more complex and include a radio receiver 
capable of detecting phase modulated signals). In the 
Uplink, the Tag 105 could utilize Modulated Backscatter 
(MBS) with a phase modulated signal as the signal to 
be modulated and backscattered. One specific imple- 
mentation, for example, could utilize Binary Phase Shift 
Keying (BPSK) in the Downlink and utilize Frequency 
Shift Keying (see FIG. 5) in the Uplink using MBS. An- 
other implementation would utilize BPSK in the Down- 
link and Amplitude Modulation (AM) in the Uplink using 
MBS: . . . ■ 

In the case that the Downlink data rate is much 
smaller.than the Uplink data rate, it is possible to com- 
bine PSK modulation in.the Downlink with PSK modu- 
lation in the. Uplink, using the Intercalated Uplink method 
disclosed above. , : 

What has been described is merely illustrative of the 
application of. the principles. of the. present invention. 
Other arrangements and methods can be implemented 
by those skilled in the art without departing f rom the spirit 
and scope of the present invention. 



Claims „ 

1. A radio communication system characterized by . 

. an interrogator 103 including . r 
• f • . means for gene rating a 202 first modulated sig- 
.nal by modulating a first information signal onto 
, y a radio carrier signal: ». 

means for transmittipg 203 said first modulated 
. . signal to at least one tag. • 
. said at least one tag 1 03 including . 
, means. for receiving 401405 said first modulat- 
' k .ed signal. » . ■ >. • . .». . -i 

backscatter modulator means, for modulating 
• ,402.:407-the reflection-of said, fjrst modulated 
signal from the antenna. v using a. second infor- 
. - matjon signal, thereby forming a second mpd- 
ulated signal: • 

said interrogator 103 further including 
■meansfordemodulating2l2a received second 
- modulated signal, to obtain said second infor- 

. • mation.signal. -j . 

; 2. , The radio communication system of claim 1 wherein 
said first modulated signal is generated using a first 
modulation type selected from a group including at 
least amplitude, phase frequency time-division, 
and code-division modulation types. 

: 3:- .. The radio communication system of claim 1 wherein 
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said second modulated signal is generated using a 
second modulation type selected from a group in- 
cluding at least amplitude, phase, frequency, time- 
division, and code-division modulation types, 
s • 

4. The radio'communicatton system of claim 1 wherein 
the interrogator demodulating means includes a ho- 
modyne detector using said first modulated signal 

• as the frequency source. 
10 . • ,y 

5. The radio communication system of claim 1 char- 
acterized in. that the receiving means includes . 

• means for decoding 402 the received first 
modulated signal to obtain one or more message 
15 m - slots, at least, one message slot including/a mes- 
sage segment and a control segment. 

6. - The radio communication system of claim 5 char- 

acterized in that at least one message segment inr 
20 . . eludes a synchronization message for- use in syn- 
. chronizing said at least one tag to the received first 
, modulation signal. < 

7. -The radio communication system of claim 6 wherein 
25 . the at. least one message segment further includes 

a data segment. 

8. /v The radio communication system of claim .5 char- 
», acterized in; that the receiving means, further in- 

30 eludes means for synchronizing 404. 405 the re- 
ceiving means to the one or more message slots by 
• ; Exclusive-OR -ing data bits of at- least one pair of 
: two.or more message slots. 

-35 9. .The radio communication system of claim 8 wherein 
, v the, receiving. means-further includes > . • 

means, responsive to achieving synchroniza- 
.tion.-by said synchronization means, for extracting 
r , from a .subsequently received message slot- a first 
AO , message including a 

: J) synchronization-message for synchronizing 
the receiver means with the- beginning of-the 
subsequently received message slot and 
-f5 .2) .control message for indicating whether the 

. .. receiving means should be in a listen mode. 

10. The radio communication system of claim 8 char- 
acterized in that the receiving means further in- 
-50 eludes. ...\, 
. means, responsive to achieving synchroniza- 
iton by said synchronization means, for extracting 
from a subsequently, received message slot a sec- 
ond message including a ... 

1 ) synchronization message for synchronizing 
:he receiver means with the beginning of the 
subsequently received message slot. 
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2) control message for indicating whether the 
receiving means should be in a listening mode 
and 

3) data message containing information for that 
tag. 

11. The radio communication system of claim 9 or 10 

wherein when the control message is set to a 
first state, it directs that tag to listen for a first 
message in a subsequently received slot imme- 
diately following the present slot and 
wherein when the control message is set to a 
second state, it directs that tag to listen for a 
second message in a subsequently received 
slot immediately following the present slot. 



12. 



The radio communication system of claim 1 char- 
acterized in that the receiving means further in- 
cludes 

means for acquiring timing synchronization 
and decoding data 402. 404. 405 from the first mod- 
ulation s- ■■nal. 



13. The radio communication system of claim 1 wherein 
the first modulated signal is an amplitude modulat- 
ed signal and utilizes on/off keying. 

14. The radio communication system of claim 13 
wherein at least one tag further includes 

means for detecting when the on/off keying is 
in an on state for enabling the backscatter modula- 
tor and for disabling the backscatter modulator 
when the on/off keying is in an off state 

15. The radio communication system of claim 13 
wherein the on/off keying utilizes Manchester en- 
coding 

16. The radio communication system of claim 13 
wherein said first modulation type is partial ampli- 
tude modulation utilizing amplitude shift keying 
(ASK). 

wherein said tag further includes 
means for detecting ASK modulation, and 
means for enabling the backscatter modulator 
and for imposing a second modulated signal 
onto said first ASK modulated signal. 

17. The radio communication system of claim 13 
wherein at least one of said tags further includes 

means to generate a second modulated sig- 
nal during the on states and an identical repetitive 
second modulated signal during the off states and 
wherein said backscatter modulator means is ena- 
bled during the on and off states. 
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18. The radio communication system of claim 13 
wherein at least one of said tags farther includes 

means for generating a second modulated 
signal and an identical repetitive second modulation 
signal with a fixed offset between those signals. 

19. The radio communication system of claim 1 char- 
acterized in that 

the second information signal encodes a logic 
zero state as a first pseudo-random pattern of 
bits and encodes a logic one state as* a differ- 
ent, second pseudo-random pattern of bits that 
is essentially orthogonal to the first pseudo-ran- 
dom pattern, and wherein 
said receiving means includes means for re- 
covering 404. 405 said second information sig- 
nal from said first and second pseudo-random 
patterns of bits received in said first modulated 
signal. 

20. A tag for use in a radio communication system : 
characterized by 

means (or receiving 401405 a first modulated 
signal at an antenna, and 
backscatter modulator means 402, 407 for 
modulating the reflection of said first modulated 
signal from the antenna using a second infor- 
mation signal thereby forming a second mod- 
ulated signal. 

21. A method of operating a radio communication sys- 
tem characterized by the steps of 

generating, at an interrogator a first modulated 

signal by modulating a first information signal 

onto a radio carrier signal: 

transmitting said first modulated signal to at 

least one tag: 

at said at least one tag 

receiving said first modulated signal, 
modulating, using a backscatter modulator, the 
reflection of said first modulated signal from the 
antenna using a second information signal, 
thereby forming a second modulated signal: 
demodulating, at said interrogator, a received 
second modulated signal, to obtain said second 
information signal. 



22. A method of operating a tag for use in a radio com- 
munication system, characterized by the steps of 

-eceiving a first modulated signal at an anten- 
na, and 

modulating, using a backscatter modulator, the 
eflection of said first modulated signal from the 
mtenna using a second information signal. 
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FIG. 4 
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